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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the constrained groove pressing (CGP) process of Al 5052 sheets are experimentally and
Received 02 February 2016 numerically studied. The CGP process produces the micro-grained-size sheets to enriched strength
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€ ) nano-grained-size ones. The goal of this investigation is the development of an algorithm for the
Available Online 25 May 2016

mechanical behavior (Strength and Hardness) prediction of the sheets fabricated by the process. The
Keywords: algorithm enables one to evaluate the die geometry and pressing pass definition effects on mechanical
Groove pressing behavior of the fabricated sheet. The proposed algorithm is based on the available relation in literature
Die effect between the macroscopic behavior and the grain size in metal sheets and between the hardness and the
Aluminum sheet strength properties of metal sheets. The Al 5052 samples are fabricated by two passes of the CGP
process. The yield strength and the Vickers hardness of the annealed, the one and two pass CGPed
samples are experimentally obtained. The predicted results by the developed algorithm are in good
agreement with the experimental data. The comparison of the predicted results by the algorithm with
available experimental data for the mechanical behavior of the CGPed pure aluminum sheets with
different dies reveals the good accuracy of the proposed algorithm. The algorithm enables one to
economically save from the time-consuming experimental evaluation of groove geometry effects on the
fabricated sheets and optimum die selection. The effects of the die groove angle on the yield strength
and the hardness of the CGPed Al 5052 sheets are estimated using the developed algorithm.
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Fig. 1 The geometry of the grooved and flattened die sections
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1- Stress-Strain Curve for Annealed
Specimen Subjected to Tension Test

2- Simulation of the CGP Process with
Arbitrary Die Geometry and Process
Definition

3- Stress-Strain Curve for Annealed
Specimen Subjected to Upsetting Test

v

4- Hardness Determination of the CGPed
Specimen (Fabricated by the Arbitrary Die
Geometry) Using Equation (5)

5- Stress-Strain Curve for CGPed Specimen
(Fabricated by the Known Die Geometry)
subjected to Tension test

v

6- Yield stress and Ultimate Stress
Determination of CGPed Specimen
(Fabricated by the Arbitrary Die Geometry)
Using Equations (8) and (9)

Fig. 7 The algorithm for prediction of die geometry effects on strength
behavior of the sheets fabricated by groove pressing process
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Fig. 8 Effective strain distribution in Al 5052 sheet subjected to one
pass of CGP process
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Fig. 10 The ultimate strength of Al 5052 sheets annealed and fabricated
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Fig. 11 The elongation of Al 5052 sheets annealed and fabricated by
CGP process
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Fig. 12 The Vickers hardness distribution in Al 5052 sheets annealed
and fabricated by CGP process

5 el sloanTp o AIB052 (sloy5 59 5,50 (st i 12 S

Gl )5 o
0.04
0.03
L 0.02
0.01 I .
0
Annealed First pass Second pass

Fig. 13 The inhomogeneity factor of Al 5052 sheets annealed and
fabricated by CGP process
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Table 4 The comparison of the CGPed pure aluminum Yield stress
obtained by [16] and predicted by proposed algorithm
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Table 5 The comparison of the CGPed Al 5052 sheet Vickers hardness
obtained by experiment and predicted by proposed algorithm
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Table 6 The comparison of the Al 5052 Yield stress hardness of
obtained by experiment and proposed algorithm
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Table 7 The comparison of the Vickers hardness obtained by [2] and
proposed algorithm
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Table 8 The comparison of the Yield stress hardness obtained by [2]
and proposed algorithm

2 1 b slaw [ g,
97 85 [2] ialesl (MPa) ool s
94 84 @olgiig o ysS (MPa) ool 25
31 -1.18 (%) W
200 r

= 150

=

~ 100 |

S
50 |

0
Y. fo &

6 (Degree)

Fig. 14 The effect of groove angle on yield stress of Al 5052 sheet
fabricated by one pass of CGP process
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Table 3 The comparison of the CGPed pure aluminum Vickers
hardness obtained by [16] and predicted by proposed algorithm

3 2 1 b slaw [ 3,

405 40 37 [16] Lialesl d(kg/mm?) 5,Sog oo
433 406 365 ooty oy (kgmm?) 5oy e
6.9 15 -1.35 (%) Uas

268


www.sid.ir

69085 S 9 o TS Gl Sols

Golsh G5 o g JhaT 58 x5 B9 elSianl YD) po B A i Kl iaoiu Bl eieSl

Gl s dised (S 5 plotul Al @i ile e,
Wl b onl S, 0 GalS Blus alox 3l ogdi e o] (g iy IS
ok e 3 anlp G e Jole s (b s B et (b
el 039 Gsllas Slaosgas b 3y @ Jo ez wuld colbe sl
Ol el ol g anien B anss I o) adllas oS )]
SelSe 8, i @l ool oteS)l K b b e aslllas
2 oS slois,s5 Al 5 2T ol 233 1) artis S sladsg
Golwterd Geizren g gl Sl b ey (Sl LS, Olss
Cad 5l 228 ooy LS o 11631l (6,5, sl 004 w18
2 Sl Byg (e g pebed S (eSS Sl diged JLad g S
gyl cole 4 (laal Siaghy 5 ol adlo b ) 680 n b
2B S0 ol s il |y LT 51 s o b el S5 5 B
Al ST 3l G5 oo sl aidu oo s |y atpe B S0
3 S g ek ol @l ol el (o28 ©)g0e 5052
Cod g Cawst b Cod woad sl diged o lilinl glaces ) a8 3,
5 s el 009 g3l w258 (i w230 ST nl 5l pse o
P> ezl ;0 dszee 25 Gleesls nin Glr eyl )
Sl o5 b eslinul Gl B b s pssiagll 6,5 oy
B LS aysly S b)) el atils salosjimess polie YL s
S ol plosl 50,5501 (pl S8 4y 00l )5 §y9 (Sl LS,
B g ke 25 a0 50 45 30 5l L aggly rali8l b oas ol las
lacusgame pgas 0 Colys 10 05 e i 4590 sga> )0 ladiges
Yl sl 55 il Sin i st e oIS G0 4 2,55 ol
©oue (gilwad CEs Cosguze 5,5 )0 bl GBS Codgase (izmed g
doiyg S8, sl it @lp 22l sladee 65 S ab ey

S oo ol |, drnsgs lSel o oelas (gl wile

e awyed -8

(Mm).gsad 5l D
(kgmm?) ;5 e HV
el oo LF

ST K

(mm) Sbd o t
Sy pidle

S £

(Degree) ,Ls a5 6
(MPa) 5 o

b s ¥l

S NS oy n

L gin)

oSke  ave

P eff

ek uts

Slaise olfiws Sl XY, Z
] y

269

100 -
80 |
D - ey e em o T ep e o -
2
%’40 I — =50
- - =45
20T === 0=30
0 1 1 1 1 J
0 20 40 60 80 100
D (mm)

Fig. 15 The effect of groove angle on Vickers hardness distribution in
Al 5052 sheet fabricated by one pass of CGP process
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Fig. 16 The effect of groove angle on Vickers hardness of Al 5052
sheet fabricated by one pass of CGP process
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